The mechanical properties of the cooblear partition are fundamental to auditory transduction. We measured the point stiffness of the partition, in vivo, at up to 17 radial positions spanning its width, in the basal turn of the gerbil cochlea. We found the linear stiffness at the position that is most likely under the outer pillar cells to be 1.5 times greater than adjacent positions toward the ligament, in the pectinate zone, and five times greater than adjacent positions toward the lamina, in the arcuate zone. This radial variation seems to reflect the cellular geometry of the partition: The pillar cell is positioned as a structural element, and the basilar membrane supports a rich cellular structure in the pectinate zone, whereas it borders a fluid-filled space in the arcuate zone. The radial variation in partition stiffness we find will influence passive cochlear mechanics, and also bears on active eoehlear mechanics, since it supports the plausibility of cells as effective force generators. Our results from measurements made in vivo extend the findings of previous measurements made in excised eochleae, in which the cellular contribution to stiffness was less evident.
INTRODUCTION
The cochlea's mechanical operation relies upon the stiffness of the cochlear partition. The eochlear traveling wave is thought to be produced by coupling between the stiffness of the partition and the inertia of the pressuredriven fluid, with the longitudinal position where the traveling wave reaches a peak attributed to a localized resonance within the partition (yon Bekesy, 1960; Zwislocki, 1965; Peterson and Bogart, 1950) . The complex structure of the cochlear partition makes its stiffness difficult to estimate. The present measurements of the radial variation in point stiffness were performed in order to better understand which components of the partition govern its stiff- Stiffness was determined by measuring the force exerted by the partition when it was defieet•xt at a point. The measurements were made in the base of t'he gerbil cochlea, at the basilar membrane side of the partition. A sinusoidal excursion was applied to a force transducer upon which a 20-pm-diam probe tip was mounted, and, the ac force exerted by the partition on the tip was measured. Stiffness was calculated as the amplitude of the restoring force divided by the amplitude of the applied excursion. At each radial position, measurements were made over a 15-/•m range of static deflections. This deflection sequence was repeated at different radial positions, to generate a set of stiffness-versus-deflection curves.
As a brief summary of our findings: In a region of the central pectinate zone with a radial width of 50 to 60 pm, the stiffness-versus-deflection curves displayed the shape that we have reported previously, characterized by an abrupt increase in stiffness from the contact level, followed by a plateau, and finally a quadratically increasing stiffness (Olson and Mountain, 1991) . The elevated plateau stiffness, which seemed to represent the stiffness with the probe fully coupled to the partition, was present at a level of approximately 7 N/m. Just modiolar to the central pectinate region we found a narrow region, probably representing the outer pillar cells, in which the elevated plateau and overall stiffness were of greater magnitude. Further toward the modiolus, in the arcuate zone, the plateau was present at a level of only 1-2 N?m. This segment•xt radial stiffness variation seems to reflect the cellular stn•cture of the cochlear partition. Because the measurement was dynamic, the quantity we determine is strictly the mechanical impedance of the cochlear partition, which includes stiffness, viscous resistance, and inertia. At 80 Hz the mechanical impedance is expected to be dominated by stiffness, and our measurements, which included both the magnitude and phase of the force on the probe, and in previous experiments (Olson However, we propose that the plateau stiffness, k0, is the relevant physiological stiffness. The plat,•au region of the stiffness-versus-deflection curves likely represents the stiffness when the probe is fully coupled to the structure of the cochlear partition, and the partition is being pushed beyond its resting position, but is within its "linear" stiffness range. An extension of the plateau as the probe was retracted was commonly found, evidencing that the probe was fully coupled at this time. In some cases (see positions 5 and 6 in Fig. 3) , the partition was apparently retracted even beyond its resting position, because the stiffness began to increase with retraction. Therefore, the elevated plateau includes the resting position of the cochlear partition, and so applies to the submicrometer motions that occur during normal cochlear function. [The plateau extension was even more apparent in previous measurements (Olson and Mountain, 1991 ) , probably because (i) the probe tip was of buffed stainless steel, which might anchor itself to the partition, and (ii) the measurements were performed over 20/•m of static deflection, which would likely improve the probe/partition attachment.]
In Fig. 5 the plateau stiffness, k0 , is plotted against radial position for positions between the arcuate zone and the middle of the pectinate zone. The relative magnitudes of the plateau stiffnesses in the different regions seem to mirror the cellular geometry of the partition, indicating a substantial stiffening due to the pillar cell, and suggesting that cellular elements, possibly in concert with the tectorial membrane, dominate the pectinate zone plateau stiffness.
It might be argued that the zonal differences in stiffness we find are due to the basilar membrane's anatomy. One anatomical difference in the two zones is the larger volume of ground substance in the pectinate zone. However, this substance seems to give little resistance to the advance of the probe (Olson and Mountain, 1991 ) . A second difference is the configuration of the fiber bundles, which are in one layer in the arcuate zone, but separate into more than one layer in the pectinate zone (Iurato, 1962; Cabezudo, 1978) . If the pectinate fiber layers are coupled, this structure would be stiffer than a single layered structure. However, the relative radial extents of the pectinate and arcuate zones (approximately 140 and 40 pm, respectively) predict a larger arcuate than pectinate zone stiffness, even when the separation of pectinate zone bundles is considered. (A model incorporating the separation of pectinate zone fibers, and a springlike contribution to stiffness from the outer pillar cells was explored by Miller, 1985 The differing results from in vivo and excised cochlear measurements can probably be accounted for by differences in the cochlea due to the experimental conditions. Miller observed that in excised cochleae, while the basilar membrane and pillar cells remained, many of the cells were not intact. Therefore, the cellular contribution to stiffness indicated from measurements in excised cochleae is expected to be smaller than in The radial variation in the stiffness of the coehlear partition in the basal turn of the gerbil cochlea is consistent with a stiffness that is substantially influenced by the cellular elements of the partition. In that case the barrier to a pressure difference across the partition would be dominated, not by the basilar membrane, but by many elements of the partition in the pectinate zone, and by the pillar cells in the areuate zone. This segraented mechanical impedance will produce intrapartition pressure gradients, might support several different modes of motion, and will influence both passive and active eochlear mechanics.
